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SOLUTION: A polymer electrolyte secondary battery is 
provided with a positive electrode 2 which contains active 
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electrode, the negative electrode, and the solid polymer 
electrolyte layer contains a flame retardant producing a volatile 
nonflammable substance at a high temperature. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the non-aqueous-solvent cell which possesses the separator which has the function to 
insulate the aforementioned positive electrode and the aforementioned negative electrode with a positive 
electrode, a negative electrode, and nonaqueous electrolyte, and to hold the aforementioned electrolytic 
solution, and is characterized by at least one containing the flame retarder which generates an volatile 
noncombustible in an elevated temperature among the aforementioned positive electrode, the 
aforementioned negative electrode, and the aforementioned separator. 

[Claim 2] It is the polymer electrolyte rechargeable battery which possesses the solid-state polymer 
electrolyte layer characterized by providing the following, and is characterized by at least one containing 
the flame retarder which generates an volatile noncombustible in an elevated temperature among the 
aforementioned positive electrode, the aforementioned negative electrode, and the aforementioned solid- 
state polymer electrolyte layer. The positive electrode containing the polymer holding an active material, 
nonaqueous electrolyte, and this electrolytic solution. The negative electrode containing the polymer 
which holds occlusion, the active material to emit, nonaqueous electrolyte, and this electrolytic solution 
for a lithium ion. Polymer which is arranged between the aforementioned positive electrode and the 
aforementioned negative electrode, and holds nonaqueous electrolyte and this electrolytic solution. 
[Claim 3] The aforementioned flame retarder is a polymer electrolyte rechargeable battery according to 
claim 2 which consists of tetrabromobisphenol A or is characterized by the bird clapper from 
tetrabromobisphenol A and an antimony oxide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a non-aqueous-solvent cell and 

a polymer electrolyte rechargeable battery equipped with nonaqueous electrolyte. 

[0002] 

[Description of the Prior Art] In recent years, with development of electronic equipment, it is small, 
lightweight and an energy density are high, and development of the rechargeable battery in which repeat 
charge and discharge are still more possible is demanded. The lithium secondary battery possessing the 
positive electrode which makes an active material oxides, such as a negative electrode which makes a 
lithium or a lithium alloy an active material, molybdenum and vanadium, titanium, or niobium, a 
sulfide, or a selenium compound as such a rechargeable battery is known. 

[0003] However, since the dendrite of a lithium will occur in a negative electrode if a charge-and- 
discharge cycle is repeated, the rechargeable battery equipped with the negative electrode which makes 
a lithium or a lithium alloy an active material has the trouble that a charge-and-discharge cycle life is 
short. 

[0004] Since it is such, the lithium secondary battery which used occlusion and the carbonaceous 
material to emit is proposed by the negative electrode in a lithium ion like corks, a graphite, a carbon 
fiber, a resin baking object, and pyrolysis gaseous-phase carbon. Since the aforementioned rechargeable 
lithium-ion battery can improve degradation of the negative-electrode property by dendrite deposit, it 
can improve a battery life and safety. 

[0005] The lithium intercalation cell which has the high Brit polyelectrolyte by which flexibility was 
given to the U.S. patent official report No. 5,296,3 1 8 by adding polymer at a positive electrode, a 
negative electrode, and an electrolyte layer as a polymer electrolyte rechargeable battery which is an 
example of a rechargeable lithium-ion battery and in which a recharge is possible is indicated. The 
positive electrode of the structure where the positive-electrode layer in which this polymer electrolyte 
rechargeable battery contains the polymer holding an active material, nonaqueous electrolyte, and this 
electrolytic solution was supported by the charge collector, The negative electrode of the structure where 
the negative-electrode layer containing the polymer which holds occlusion, the carbonaceous material to 
emit, nonaqueous electrolyte, and this electrolytic solution for a lithium ion was supported by the charge 
collector, It has a solid-state polymer electrolyte layer containing the polymer which intervenes between 
the aforementioned positive-electrode layer and the aforementioned negative-electrode layer, and holds 
nonaqueous electrolyte and this electrolytic solution. As the aforementioned nonaqueous electrolyte, 
what dissolved lithium salt in the non-aqueous solvent is used. An inflammable organic solvent is 
usually used for this non-aqueous solvent, therefore, the aforementioned rechargeable battery - a 
surcharge - or since there is a possibility that the aforementioned non-aqueous solvent may ignite when 
the temperature in a cell rises by fire existing in near etc. and it becomes an unusual elevated 
temperature, reservation of the safety to this serves as an important technical problem 
[0006] By the way, as polymer holding the nonaqueous electrolyte contained in the aforementioned 
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positive electrode, the aforementioned negative electrode, and the aforementioned solid-state polymer 
electrolyte layer, respectively, the copolymer of fluoride vinylidene (VdF)-hexafluoropropylene (HFP) 
is used conventionally. In this copolymer, VdF contributes to improvement in mechanical strength in the 
skeleton section of a copolymer, and holds nonaqueous electrolyte. HFP is incorporated in the state 
amorphous to a copolymer, and functions as the transparency section of a lithium ion, and contributes to 
maintenance of the nonaqueous electrolyte in VdF. Since a halogen is included, this VdF-HFP 
copolymer has self-extinguishing. For example, although flame will burn and move and a film will bum 
if the origin of a fire is brought close to this after processing a VdF-HFP copolymer in the shape of a 
film, if the origin of a fire is kept away from a film, combustion of a film will stop. However, 
improvement in the further safety is demanded in such a polymer electrolyte rechargeable battery. 
[0007] 

[Problem(s) to be Solved by the Invention] The risk of the combustion at the time of the temperature in a 
cell becoming an unusual elevated temperature by the surcharge etc. is avoided, and the purpose of this 
invention tends to offer the non-aqueous-solvent cell and polymer electrolyte rechargeable battery 
whose safety improved. 
[0008] 

[Means for Solving the Problem] The separator which has the function for the non-aqueous-solvent cell 
concerning this invention to insulate the aforementioned positive electrode and the aforementioned 
negative electrode with a positive electrode, a negative electrode, and nonaqueous electrolyte, and to 
hold the aforementioned electrolytic solution is provided, and at least one of the aforementioned positive 
electrode, the aforementioned negative electrode, and the aforementioned separator is characterized by 
including the flame retarder which generates an volatile noncombustible in an elevated temperature. 
[0009] The positive electrode where the polymer electrolyte rechargeable battery concerning this 
invention contains the polymer holding an active material, nonaqueous electrolyte, and this electrolytic 
solution, The negative electrode containing the polymer which holds occlusion, the active material to 
emit, nonaqueous electrolyte, 1 and this electrolytic solution for a lithium ion, The solid-state polymer 
electrolyte layer containing the polymer which is arranged between the aforementioned positive 
electrode and the aforementioned negative electrode, and holds nonaqueous electrolyte and this 
electrolytic solution is provided. At least one of the aforementioned positive electrode, the 
aforementioned negative electrode, and the aforementioned solid-state polymer electrolyte layers is 
characterized by including the flame retarder which generates an volatile noncombustible in an elevated 
temperature. 
[0010] 

[Embodiments of the Invention] Hereafter, the polymer electrolyte rechargeable battery which is an 
example of the non-aqueous-solvent cell concerning this invention is explained with reference to 
drawing 1 . That is, a polymer electrolyte rechargeable battery is equipped with the unit cell of a 
laminated structure as shown in drawing 1 . A positive electrode has the structure which carried out the 
laminating of the positive-electrode layer 2 to the charge collector 1. A negative electrode has the 
structure which carried out the laminating of the negative-electrode layer 4 to the charge collector 3, and 
the aforementioned negative-electrode layer 4 counters the positive-electrode layer 2 of the 
aforementioned positive electrode, and it is arranged. The solid-state polymer electrolyte layer 5 
intervenes between the aforementioned positive-electrode layer 2 and the aforementioned negative- 
electrode layer 4. 

[001 1] The polymer electrolyte rechargeable battery concerning this invention can be made into the 
structure where one of electrolyte layers has been arranged among the positive electrodes A and B 
mentioned later one of positive electrodes, and among the electrolyte layers A and B later mentioned 
among one of negative electrodes among the negative electrodes A and B mentioned later. However, the 
aforementioned rechargeable battery does not become the structure where the electrolyte layer B has 
been arranged between a positive electrode B and a negative electrode B. 

[0012] Hereafter, the aforementioned solid-state polymer electrolyte layer, a positive electrode, and a 
negative electrode are explained. 
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(1) As a solid-state polymer electrolyte layer aforementioned solid-state polymer electrolyte layer, the 
solid-state polymer electrolyte layer A or the solid-state polymer electrolyte layer B explained below is 
used. 

[0013] <Solid-state polymer electrolyte layer A> This solid-state polymer electrolyte layer A contains 
the flame retarder which generates an volatile noncombustible in nonaqueous electrolyte, the polymer 
holding this nonaqueous electrolyte, and an elevated temperature. 

[0014] The aforementioned flame retarder will generate an volatile noncombustible, if the temperature 
in the aforementioned rechargeable battery rises [ that for example, the aforementioned rechargeable 
battery is exposed to overcharge and fire atmosphere, etc. and ]. When the temperature in the 
aforementioned cell reaches the ignition point of the nori-aqueous solvent contained in the 
aforementioned nonaqueous electrolyte as the aforementioned flame retarder from a viewpoint which 
raises the safety of the aforementioned rechargeable battery more, and secures a practical cycle life, it is 
good in it being what generates an volatile noncombustible. 

[0015] What consists of the tetrabromobisphenol A (Tetrabromobisphenol A) which has the structure 
expression shown in the following-ization 1 as the aforementioned flame retarder, for example or the 
aforementioned tetrabromobisphenol A, and an antimony oxide (for example, Sb 203) can be used. If 
the temperature in the aforementioned cell rises at 300-400 degrees C, C-Br combination will dissociate 
the flame retarder which consists of tetrabromobisphenol A, and it reacts with the methane generated by 
combustion of nonaqueous electrolyte, and generates a hydrogen bromide (HBr). Since this hydrogen 
bromide has high volatility, it generates the hydrogen-bromide gas which is noncombustible gas. 
Moreover, since this generation-of-gas reaction is endothermic reaction, combustion energy decreases. 
Consequently, since the combustion flame of nonaqueous electrolyte can be intercepted by this 
noncombustible gas, combustion of a rechargeable battery can be stopped immediately. On the other 
hand, they are tetrabromobisphenol A and Sb 203. The flame retarder which consists of an antimony 
oxide [ like ] is SbBr3 when the temperature in the aforementioned cell rises to 400 degrees C. SbOBr is 
generated. These products are SbBr3 which is noncombustible gas since volatility is high. Gas and 
SbOBr gas can be generated and the temperature in a cell can be reduced with volatilization heat. 
Consequently, it becomes possible to make combustion of nonaqueous electrolyte extinguish 
immediately, and to prevent combustion of nonaqueous electrolyte. 
[0016] 
[Formula 1] 




[0017] As for the loadings of the aforementioned flame retarder, it is desirable to make it 5 - 20% of the 
weight of the range to the polymer holding the aforementioned nonaqueous electrolyte. This is based on 
the following reasons. When the aforementioned loadings are carried out to less than 5% of the weight, 
there is a possibility that it may become difficult to fully demonstrate a fire-resistant operation. On the 
other hand, when the aforementioned loadings exceed 20 % of the weight, there is a possibility that the 
mechanical strength of a solid-state polymer electrolyte layer may fall extremely, and may have a bad 
influence on configuration maintenance of a cell. More desirable loadings are 8 - 15% of the weight of a 
range. 

[0018] As polymer holding the aforementioned nonaqueous electrolyte, the copolymer of the polymer 
and vinylidene fluoride (VdF) containing a polyethylene-oxide derivative, a polypropylene oxide 
derivative, and the aforementioned derivative, and hexafluoropropylene (HFP) etc. can be used, for 
example. In the aforementioned VdF-HFP copolymer, the copolymerization rate of Above HFP is 
usually just over or below 20 % of the weight at the maximum, although it is dependent also on the 
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synthetic method of the aforementioned copolymer. 

[0019] The aforementioned nonaqueous electrolyte is prepared by dissolving an electrolyte in a non- 
aqueous solvent. As the aforementioned non-aqueous solvent, ethylene carbonate (EC), propylene 
carbonate (PC), butylene carbonate (BC), dimethyl carbonate (DMC), diethyl carbonate (DEC), ethyl 
methyl carbonate (EMC), gamma-butyrolactone (gamma-BL), a sulfolane, an acetonitrile, 1, 2- 
dimethoxyethane, 1, 3-dimethoxypropane, a wood ether, a tetrahydrofuran (THF), 2-methyl 
tetrahydrofuran, etc. can be mentioned. Even if it uses it independently, two or more sorts may use the 
aforementioned non-aqueous solvent, mixing. 

[0020] As the aforementioned electrolyte, the lithium salt of a lithium perchlorate (LiC104), a 6 fluoride 
[ phosphoric-acid ] lithium (LiPF6), hoe 4 lithium fluoride (LiBF4), a 6 fluoride arsenic lithium 
(LiAsF6), a trifluoromethane sulfonic-acid lithium (LiCF3 S03), a screw trifluoromethylsulfonyl imide 
lithium [LiN (CF3 S03)2], etc. can be mentioned, for example. 

[0021] As for the amount of dissolutions to the aforementioned non-aqueous solvent of the 
aforementioned electrolyte, it is desirable to consider as 0.2 mol/1 - 2 mol/1. The aforementioned solid 
electrolyte layer is producible by the method of (1) explained below. 

[0022] (1) Prepare the solution of the polymer holding nonaqueous electrolyte, add the aforementioned 
flame retarder in this solution, form this and dry. Then, nonaqueous electrolyte is infiltrated into this 
layer and a polymer electrolyte layer is produced. 

[0023] <Solid-state polymer electrolyte layer B> This solid-state polymer electrolyte layer B contains 
the polymer holding nonaqueous electrolyte and this nonaqueous electrolyte. 
[0024] The polymer electrolyte layer A mentioned above having explained as the aforementioned 
nonaqueous electrolyte and polymer and the same thing can be used. After the aforementioned solid 
electrolyte layer B prepares the solution of the polymer holding nonaqueous electrolyte, forms this and 
dries, it is producible by infiltrating nonaqueous electrolyte into this layer. 

[0025] (2) As the positive-electrode aforementioned positive electrode, the positive electrode A or 
positive electrode B explained below can be used. 

The <positive-electrode A> aforementioned positive electrode A has the structure where the positive- 
electrode layer containing the polymer holding an active material, the flame retarder which generates an 
volatile noncombustible in an elevated temperature, nonaqueous electrolyte, and this electrolytic 
solution was supported by the charge collector. 

[0026] The polymer electrolyte layer mentioned above having explained as the aforementioned flame 
retarder and the same thing can be used. As for the loadings of the aforementioned flame retarder, it is 
desirable to make it 5 - 20% of the weight of the range to the polymer holding the aforementioned 
nonaqueous electrolyte. This is based on the following reasons. When the aforementioned loadings are 
carried out to less than 5% of the weight, there is a possibility that it may become difficult to fully 
demonstrate a fire-resistant operation. On the other hand, when the aforementioned loadings exceed 20 
% of the weight, there is a possibility that the mechanical strength of a positive-electrode layer may fall 
extremely, and may have a bad influence on configuration maintenance of a cell. More desirable 
loadings are 8 - 15% of the weight of a range. 

[0027] As the aforementioned active material, various oxides (for example, amorphous vanadium 
pentoxide containing the lithium content cobalt oxide of the lithium content nickel oxide 2 of the lithium 
manganese multiple oxide of LiMn 204 etc. and manganese dioxide 2, for example, LiNiO etc., for 
example, LiCoO etc., a lithium content nickel cobalt oxide, and a lithium etc.), chalcogen compounds, 
etc. (for example, 2 titanium sulfides, 2 sulfuration molybdenum, etc.) can be mentioned. Especially, it 
is desirable to use a lithium manganese multiple oxide, a lithium content cobalt oxide, and a lithium 
content nickel oxide. 

[0028] The polymer electrolyte layer mentioned above as polymer holding the aforementioned 
nonaqueous electrolyte having explained and the same thing can be mentioned. You may add conductive 
material, such as an artificial graphite, carbon black (for example, acetylene black etc.), and nickel 
powder, in the aforementioned positive-electrode layer of the aforementioned positive electrode. 
[0029] As the aforementioned charge collector, an aluminum foil, an aluminum mesh, the expanded 
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metal made from aluminum, the punched metal made from aluminum, etc. can be mentioned. 
[0030] The aforementioned positive electrode is producible by the method of for example, (1) - (2) 
explained below. 

(1) Mix these and produce a positive-electrode layer by forming membranes, after preparing the solution 
of the polymer holding nonaqueous electrolyte and adding the aforementioned flame retarder, the 
aforementioned active material, and the aforementioned electrical conducting material in this solution. 
This positive-electrode layer and the aforementioned charge collector are pasted up by 
thermocompression bonding etc. A positive electrode is produced by infiltrating nonaqueous electrolyte 
into the aforementioned positive-electrode layer. 

[0031] (2) Mix these and prepare the paste for positive electrodes, after preparing the solution of the 
polymer holding nonaqueous electrolyte and adding the aforementioned flame retarder, the 
aforementioned active material, and the aforementioned electrical conducting material in the 
aforementioned solution. It is made to dry after carrying out coating of this paste for positive electrodes 
to the aforementioned charge collector. Nonaqueous electrolyte is infiltrated into the aforementioned 
positive-electrode layer, and a positive electrode is produced. 

[0032] The <positive-electrode B> aforementioned positive electrode B has the structure where the 
positive-electrode layer containing the polymer holding an active material, nonaqueous electrolyte, and 
this electrolytic solution was supported by the charge collector. 

[0033] The positive electrode A mentioned above having explained as the aforementioned active 
material, nonaqueous electrolyte, polymer, and a charge collector and the same thing are used. The 
aforementioned positive electrode is producible by the method of for example, (1) - (2) explained below. 

[0034] (1) Mix these and produce a positive-electrode layer by forming membranes, after preparing the 
solution of the polymer holding nonaqueous electrolyte and adding the aforementioned active material 
and the aforementioned electrical conducting material in this solution. This positive-electrode layer and 
the aforementioned charge collector are pasted up by thermocompression bonding etc. A positive 
electrode is produced by infiltrating nonaqueous electrolyte into the aforementioned positive-electrode 
layer. 

[0035] (2) Mix these and prepare the paste for positive electrodes, after preparing the solution of the 
polymer holding nonaqueous electrolyte and adding the aforementioned active material and the 
aforementioned electrical conducting material in the aforementioned solution. It is made to dry after 
carrying out coating of this paste for positive electrodes to the aforementioned charge collector. 
Nonaqueous electrolyte is infiltrated into the aforementioned positive-electrode layer, and a positive 
electrode is produced. 

[0036] (3) As the negative-electrode aforementioned negative electrode, the negative electrode Aor 
negative electrode B explained below can be used. 

[0037] <Negative electrode A> This negative electrode A has the structure where the negative-electrode 
layer containing the polymer holding the flame retarder which generates an volatile noncombustible for 
a lithium ion in occlusion, the active material to emit, and an elevated temperature, nonaqueous 
electrolyte, and this electrolytic solution was supported by the charge collector. 
[0038] The polymer electrolyte layer mentioned above having explained as the aforementioned flame 
retarder and the same thing can be used. As for the loadings of the aforementioned flame retarder, it is 
desirable to make it 5 - 20% of the weight of the range to the polymer holding the aforementioned 
nonaqueous electrolyte. This is based on the following reasons. When the aforementioned loadings are 
carried out to less than 5% of the weight, there is a possibility that it may become difficult to fully 
demonstrate a fire-resistant operation. On the other hand, when the aforementioned loadings exceed 20 
% of the weight, there is a possibility that the mechanical strength of a negative-electrode layer may fall 
extremely, and may have a bad influence on configuration maintenance of a cell. More desirable 
loadings are 8 - 15% of the weight of a range. 

[0039] As the aforementioned active material, occlusion and the carbonaceous material to emit can be 
mentioned for a lithium ion. The carbonaceous material represented by the thing and corks which are 
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obtained as this carbonaceous material by calcinating organic high molecular compounds (for example, 
phenol resin, a polyacrylonitrile, a cellulose, etc.), for example, what [ is obtained by calcinating a 
pitch ], artificial graphite, and natural graphite, etc. can be mentioned. It is desirable to use the 
carbonaceous material which calcinates the aforementioned organic high molecular compound under an 
ordinary pressure or reduced pressure, and is obtained at the temperature of 500 degrees C - 3000 
degrees C in inert gas atmosphere, such as argon gas and nitrogen gas, especially. 
[0040] The polymer electrolyte layer mentioned above as polymer holding the aforementioned 
nonaqueous electrolyte having explained and the same thing can be used. You may add fillers, such as 
conductive material, such as artificial graphite and natural graphite, carbon black, acetylene black, 
KETCHIEN black, nickel powder, and a polypheny lene derivative, olefin system polymer, and a carbon 
fiber, in the aforementioned negative-electrode layer of the aforementioned negative electrode. 
[0041] As the aforementioned charge collector, copper foil, a copper mesh, a copper expanded metal, 
copper punched metal, etc. can be mentioned. The aforementioned negative electrode A is producible by 
the method of for example, (1) - (2) explained below. 

[0042] (1) Paste up the aforementioned negative-electrode layer and the aforementioned charge collector 
by thermocompression bonding etc. after producing a negative-electrode layer by mixing these and 
forming membranes, after preparing the solution of the polymer holding nonaqueous electrolyte and 
adding the aforementioned flame retarder and the aforementioned active material in this solution. A 
negative electrode is produced by infiltrating nonaqueous electrolyte into the aforementioned negative- 
electrode layer. 

[0043] (2) Mix these and prepare the paste for negative electrodes, after preparing the solution of the 
polymer holding nonaqueous electrolyte and adding the aforementioned flame retarder and the 
aforementioned active material in this solution. It is made to dry after carrying out coating of this paste 
for negative electrodes to the aforementioned charge collector. A negative electrode is produced by 
infiltrating nonaqueous electrolyte into the aforementioned negative-electrode layer. 
[0044] <Negative electrode B> This negative electrode B has the structure where the negative-electrode 
layer containing the polymer which holds occlusion, the active material to emit, nonaqueous electrolyte, 
and this electrolytic solution for a lithium ion was supported by the charge collector. 
[0045] The negative electrode A mentioned above having explained as the aforementioned active 
material, the aforementioned electrolytic solution, the aforementioned polymer, and the aforementioned 
charge collector and the same thing can be mentioned. The aforementioned negative electrode B is 
producible by the method of for example, (1) - (2) explained below. 

[0046] (1) Paste up the aforementioned negative-electrode layer and the aforementioned charge collector 
by thermocompression bonding etc. after producing a negative-electrode layer by mixing these and 
forming membranes, after preparing the solution of the polymer holding nonaqueous electrolyte and 
adding the aforementioned active material in this solution. A negative electrode is produced by 
infiltrating nonaqueous electrolyte into the aforementioned negative-electrode layer. 
[0047] (2) Mix these and prepare the paste for negative electrodes, after preparing the solution of the 
polymer holding nonaqueous electrolyte and adding the aforementioned active material in this solution. 
It is made to dry after carrying out coating of this paste for negative electrodes to the aforementioned 
charge collector. A negative electrode is produced by infiltrating nonaqueous electrolyte into the 
aforementioned negative-electrode layer. 

[0048] In addition, you may perform sinking [ of the electrolytic solution to electrolytic-solution a non- 
sunk in positive electrode, a non-sunk in electrolytic-solution electrolyte layer, and electrolytic-solution 
a non-sunk in negative electrode ] in collectively for the laminated structure shown in drawing 1 
mentioned above. 

[0049] The polymer electrolyte rechargeable battery concerning this invention explained above contains 
the flame retarder to which any one member generates an volatile noncombustible in an elevated 
temperature among a positive electrode, a negative electrode, and a solid-state polymer electrolyte layer. 
If the temperature in a cell rises by exposing such a rechargeable battery to a surcharge and elevated- 
temperature atmosphere, the aforementioned flame retarder will generate an volatile noncombustible. 
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This noncombustible volatilizes and generates noncombustible gas. Since this generation-of-gas reaction 
is endothermic reaction, it can reduce the temperature in a cell. Consequently, since it can be 
immediately extinguished by reduction of the combustion energy accompanying [ though it could 
prevent that nonaqueous electrolyte ignited and nonaqueous electrolyte has already burned it ] the 
aforementioned noncombustible gas and its generating, the safety of a polymer electrolyte rechargeable 
battery can be improved more. 

[0050] According to the non-aqueous-solvent cell concerning this invention, the separator which has the 
function to insulate the aforementioned positive electrode and the aforementioned negative electrode 
with a positive electrode, a negative electrode, and nonaqueous electrolyte, and to hold the 
aforementioned electrolytic solution is provided, and at least one of the aforementioned positive 
electrode, the aforementioned negative electrode, and the aforementioned separator contains the flame 
retarder which generates an volatile noncombustible in an elevated temperature. Since the 
aforementioned flame retarder generates an volatile noncombustible and this noncombustible generates 
noncombustible gas when exposed to a surcharge and elevated-temperature atmosphere, such a cell can 
reduce the temperature in a cell. Consequently, since it can be immediately extinguished by reduction of 
the combustion energy accompanying [ though it could prevent that nonaqueous electrolyte ignited and 
nonaqueous electrolyte has already burned it ] the aforementioned noncombustible gas and its 
generating, the safety of a non-aqueous-solvent cell can be improved more. 
[0051] Moreover, in the aforementioned polymer electrolyte rechargeable battery and the 
aforementioned non-aqueous-solvent cell, by using tetrabromobisphenol A as the aforementioned flame 
retarder, when exposed to a surcharge or elevated-temperature atmosphere, the aforementioned 
tetrabromobisphenol A pyrolyzes, and it reacts with the methane generated by combustion of 
nonaqueous electrolyte, and HBr with high volatility generates. Since combustion energy is consumed 
by this generation of gas while this HBr volatilizes and generating noncombustible gas, the temperature 
in a cell falls. Consequently, combustion of nonaqueous electrolyte can be stopped immediately. 
Moreover, since the polymer electrolyte rechargeable battery containing this flame retarder does not 
check the occlusion and release reaction of a lithium ion, it can secure practical service capacity and a 
practical cycle life. 

[0052] Moreover, by using what consists of tetrabromobisphenol A and an antimony oxide as the 
aforementioned flame retarder in the aforementioned polymer electrolyte rechargeable battery and the 
aforementioned non-aqueous-solvent cell, when exposed to a surcharge or elevated-temperature 
atmosphere, both react, and it is SbBr3 with high volatility. SbOBr is generated. When these products 
volatilize, the heat in a cell is taken and cell temperature can be reduced. Moreover, noncombustible gas 
can be generated by volatilization of the aforementioned product. Consequently, ignition of nonaqueous 
electrolyte can be prevented beforehand, and though nonaqueous electrolyte has already burned, it can 
be immediately extinguished by generating of the aforementioned noncombustible gas. Moreover, since 
the polymer electrolyte rechargeable battery containing this flame retarder does not check the occlusion 
and release reaction of a lithium ion, it can secure practical service capacity and a practical cycle life. 
[0053] 

[Example] Hereafter, with reference to the drawing which mentioned the example of this invention 
above, it explains in detail. 

An empirical formula is LiMn 204 by mixing a <example 1> (production of non-sunk in nonaqueous 
electrolyte positive-electrode layer) lithium carbonate (Li2 C03), and manganese dioxide (Mn02) so 
that the mole ratio of Li and Mn may be set to 1 :2, and calcinating this mixture at 800 degrees C for 24 
hours. The lithium manganese multiple oxide expressed was produced. 

[0054] It added so that the acetylene black as a conductive material might become [ the aforementioned 
lithium manganese multiple oxide ] this acetone solution 72% of the weight after dissolving the 
copolymer (copolymerization ratio of VdF:HFP is 80:20%) powder of vinylidene fluoride- 
hexafluoropropylene (VdF-HFP) in an acetone 1 1% of the weight and preparing an acetone solution, 
and the solid content of the aforementioned copolymer might become 20% of the weight about 8 % of 
the weight, and it mixed. Furthermore, Sb 203 Powder and tetrabromobisphenol A powder were added 
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so that it might become 10% of the weight to the aforementioned copolymer, respectively, and it mixed. 
The obtained suspension was formed by casting and thickness produced the sheet-like positive-electrode 
layer which is 100 micrometers by electrolytic-solution un-sinking in by leaving and carrying out an air 
drying in ordinary temperature. 

[0055] (Production of a non-sunk in nonaqueous electrolyte negative-electrode layer) After dissolving 
the copolymer (copolymerization ratio of VdF:HFP is 80:20%) powder of vinylidene fluoride- 
hexafluoropropylene (VdF-HFP) in the acetone 11% of the weight and preparing ah acetone solution, it 
added so that the solid content of the aforementioned copolymer might become 20% of the weight in 
this acetone solution as an active material in 80 % of the weight (it is a product made from PETOKA, 
Inc., and a tradename is mel BUROMMIRUDO) of petroleum coke, and mixed. Furthermore, Sb 203 
Powder and tetrabromobisphenol A powder were added so that it might become 10% of the weight to 
the aforementioned copolymer, respectively, and it mixed. The obtained suspension was formed by 
casting and thickness produced the sheet-like negative-electrode layer which is 100 micrometers by 
electrolytic-solution un-sinking in by leaving and carrying out an air drying in ordinary temperature. 
[0056] (Production of a non-sunk in electrolytic-solution polymer electrolyte film) The copolymer 
(copolymerization ratio of VdF:HFP is 80:20%) powder of vinylidene fluoride-hexafluoropropylene 
(VdF-HFP) was dissolved in the acetone 1 1% of the weight, and the acetone solution was prepared. 
Furthermore, Sb 203 Powder and tetrabromobisphenol A powder were added so that it might become 
10% of the weight to the aforementioned copolymer, respectively, and it mixed. Thickness produced the 
polymer electrolyte layer which is 30 micrometers by forming this solution by casting and drying in 
ordinary temperature. 

[0057] (Manufacture of nonaqueous electrolyte) It is LiPF6 as an electrolyte to the non-aqueous solvent 
with which ethylene carbonate (EC) and dimethyl carbonate (DMC) were mixed at a rate of 2:1 by the 
volume ratio. It was made to dissolve so that the concentration may become 1 mol/1, and nonaqueous 
electrolyte was prepared. 

[0058] The laminating of the obtained sheet-like positive-electrode layer was carried out to the 
aluminum foil as a positive-electrode charge collector with the double roll laminator, and the non-sunk 
in electrolytic-solution sheet-like positive electrode was produced. Moreover, the laminating of the 
obtained sheet-like negative-electrode layer was carried out to the copper foil as a negative-electrode 
charge collector with the double roll laminator, and the non-sunk in electrolytic-solution sheet-like 
negative electrode was produced. The non-sunk in electrolytic-solution polymer electrolyte layer was 
made to intervene between this positive electrode and a negative electrode, and it pasted up with the 
double roll laminator. The polymer electrolyte rechargeable battery which carried out the laminating as 
shown in drawing 1 which mentioned above the obtained five-layer laminated material by being 
immersed for 10 minutes into the aforementioned nonaqueous electrolyte was manufactured. 
It is Sb 203 at the time of production of the <example 1 of comparison> positive-electrode layer, a 
negative-electrode layer, and an electrolyte layer. The polymer electrolyte rechargeable battery was 
manufactured like the example 1 except not adding powder and tetrabromobisphenol A powder. 
[0059] About the rechargeable battery of the acquired example 1 and the example 1 of comparison, after 
charging to 4.2V over 10 hours with 40mA current, it carries out by repeating the charge and discharge 
which discharge to 2.7V with 40mA current, the service capacity of 1 cycle eye and 50 cycle eye is 
measured, and the result is shown in the following table 1. 

[0060] Moreover, after preparing every 50 per each cell and charging these to 4.2V over 1 0 hours about 
the rechargeable battery of an example 1 and the example 1 of comparison with 40mA current, the 
ignition examination was performed and the grade of the spread of a fire was checked. The result is 
shown in the following table 2. 
[0061] 
[Table 1] 
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[0063] It is Sb 203 which it has the almost same service capacity and the capacity maintenance factor at 
the time of a cycle even if it compares the rechargeable battery of this example 1 with the rechargeable 
battery of the example 1 of comparison so that clearly from Table 1, and is a flame retarder. It turns out 
that an electric discharge property is not spoiled by tetrabromobisphenol A. 

[0064] On the other hand, the rechargeable battery of this example 1 can stop combustion immediately 
in the case of ignition, and it turns out that it is fire retardancy compared with the rechargeable battery of 
the example 1 of comparison so that clearly from Table 2. 

The polymer electrolyte rechargeable battery was manufactured like the example 1 except using the non- 
sunk in electrolytic-solution positive-electrode layer explained below to <the example 2>, a non-sunk in 
electrolytic-solution negative-electrode layer, and a non-sunk in electrolytic-solution polymer electrolyte 
layer. 

[0065] (Production of a non-sunk in nonaqueous electrolyte positive-electrode layer) After dissolving 
the copolymer powder of the same VdF-HFP as an example 1 in the acetone 1 1% of the weight and 
preparing an acetone solution, 72% of the weight, the solid content of the aforementioned copolymer 
added 8 % of the weight so that it might become 20% of the weight, and the acetylene black as a 
conductive material was mixed by the lithium manganese multiple oxide same in this acetone solution as 
an example 1 . Furthermore, tetrabromobisphenol A powder was added so that it might become 10% of 
the weight to the aforementioned copolymer, and it mixed. The sheet-like positive-electrode layer whose 
thickness is 100 micrometers was produced by electrolytic-solution un-sinking in as well as an example 
1 from the obtained suspension. 

[0066] (Production of a non-sunk in nonaqueous electrolyte negative-electrode layer) After dissolving 
the copolymer powder of the same VdF-HFP as an example 1 in the acetone 11% of the weight and 
preparing an acetone solution, 80 % of the weight of the petroleum coke same in this acetone solution as 
an example 1 was added so that the solid content of the aforementioned copolymer might become 20% 
of the weight, and it mixed. Furthermore, tetrabromobisphenol A powder was added so that it might 
become 10% of the weight to the aforementioned copolymer, and it mixed. The sheet-like negative- 
electrode layer whose thickness is 100 micrometers was produced by electrolytic-solution un-sinking in 
as well as an example 1 from the obtained suspension. 

[0067] (Production of a non-sunk in electrolytic-solution polymer electrolyte film) The copolymer 
powder of the same VdF-HFP as an example 1 was dissolved in the acetone 1 1% of the weight, and the 
acetone solution was prepared. Furthermore, tetrabromobisphenol A powder was added so that it might 
become 10% of the weight to the aforementioned copolymer, and it mixed. The polymer electrolyte 
layer whose thickness is 30 micrometers was produced by electrolytic-solution un-sinking in as well as 
an example 1 from this solution. 

The polymer electrolyte rechargeable battery was manufactured like the example 2 except not adding 
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tetrabromobisphenol A powder at the time of production of the <example 2 of comparison> positive- 
electrode layer, a negative-electrode layer, and an electrolyte layer. 

[0068] About the rechargeable battery of the acquired example 2 and the example 2 of comparison, the 
service capacity of 1 cycle eye at the time of performing charge and discharge on the conditions same 
with having mentioned above and 50 cycle eye is measured, and the result is shown in the following 
table 3. 

[0069] Moreover, after preparing every 50 per each cell and charging these to 4.2V over 10 hours about 
the rechargeable battery of an example 2 and the example 2 of comparison with 40mA current, the 
ignition examination was performed and the grade of the spread of a fire was checked. The result is 
shown in the following table 4. 
[0070] 
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[0072] It turns out that the rechargeable battery of this example 2 equipped with the positive electrode, 
negative electrode, and electrolyte layer which contain tetrabromobisphenol A as a flame retarder has 
service capacity almost equivalent to the rechargeable battery of the example 2 of comparison, and the 
capacity maintenance factor at the time of a cycle, and a practical electric discharge property can be 
maintained so that clearly from Table 3. 

[0073] On the other hand, the rechargeable battery of this example 2 can stop combustion immediately 
in the case of ignition, and it turns out that it is fire retardancy compared with the rechargeable battery of 
the example 2 of comparison so that clearly from Table 2. 

[0074] In addition, in the example mentioned above, although the example applied to the polymer 
electrolyte rechargeable battery was explained, if it is a lithium primary cell and a cell using a non- 
aqueous solvent like a lithium secondary batteiy as the electrolytic solution, it is applicable to any cells. 
[0075] 

[Effect of the Invention] As explained in full detail above, according to this invention, evasion or the 
non-aqueous-solvent cell whose safety could be extinguished immediately and improved, and a polymer 
electrolyte rechargeable battery can be beforehand offered for combustion of a surcharge and the 
nonaqueous electrolyte by being exposed to elevated-temperature atmosphere. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to a non-aqueous-solvent cell and 
a polymer electrolyte rechargeable battery equipped with nonaqueous electrolyte. 
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PRIOR ART 



[Description of the Prior Art] In recent years, with development of electronic equipment, it is small, 
lightweight and an energy density are high, and development of the rechargeable battery in which repeat 
charge and discharge are still more possible is demanded. The lithium secondary battery possessing the 
positive electrode which makes an active material oxides, such as a negative electrode which makes a 
lithium or a lithium alloy an active material, molybdenum and vanadium, titanium, or niobium, a 
sulfide, or a selenium compound as such a rechargeable battery is known. 

[0003] However, since the dendrite of a lithium will occur in a negative electrode if a charge-and- 
discharge cycle is repeated, the rechargeable battery equipped with the negative electrode which makes 
a lithium or a lithium alloy an active material has the trouble that a charge-and-discharge cycle life is 
short. 

[0004] Since it is such, the lithium secondary battery which used occlusion and the carbonaceous 
material to emit is proposed by the negative electrode in a lithium ion like corks, a graphite, a carbon 
fiber, a resin baking object, and pyrolysis gaseous-phase carbon. Since the aforementioned rechargeable 
lithium-ion battery can improve degradation of the negative-electrode property by dendrite deposit, it 
can improve a battery life and safety. 

[0005] The lithium intercalation cell which has the high Brit polyelectrolyte by which flexibility was 
given to the U.S. patent official report No. 5,296,318 by adding polymer at a positive electrode, a 
negative electrode, and an electrolyte layer as a polymer electrolyte rechargeable battery which is an 
example of a rechargeable lithium-ion battery and in which a recharge is possible is indicated. This 
polymer electrolyte rechargeable battery is the positive electrode of the structure where the positive- 
electrode layer containing the polymer holding an active material, nonaqueous electrolyte, and this 
electrolytic solution was supported by the charge collector. It has a solid-state polymer electrolyte layer 
containing the polymer which intervenes between the negative electrode of the structure where the 
negative-electrode layer containing the polymer which holds occlusion, the carbonaceous material to 
emit, nonaqueous electrolyte, and this electrolytic solution for a lithium ion was supported by the charge 
collector, and the aforementioned positive-electrode layer and the aforementioned negative-electrode 
layer, and holds nonaqueous electrolyte and this electrolytic solution. As the aforementioned 
nonaqueous electrolyte, what dissolved lithium salt in the non-aqueous solvent is used. An inflammable 
organic solvent is usually used for this non-aqueous solvent, therefore, the aforementioned rechargeable 
battery - a surcharge - or since there is a possibility that the aforementioned non-aqueous solvent may 
ignite when the temperature in a cell rises by fire existing in near etc. and it becomes an unusual 
elevated temperature, reservation of the safety to this serves as an important technical problem 
[000$] By the way, as polymer holding the nonaqueous electrolyte contained in the aforementioned 
positive electrode, the aforementioned negative electrode, and the aforementioned solid-state polymer 
electrolyte layer, respectively, the copolymer of fluoride vinylidene (VdF)-hexafluoropropylene (HFP) 
is used conventionally. In this copolymer, VdF contributes to improvement in mechanical strength in the 
frame section of a copolymer, and holds nonaqueous electrolyte. HFP is incorporated in the state 
amorphous to a copolymer, and functions as the transparency section of a lithium ion, and contributes to 
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maintenance of the nonaqueous electrolyte in VdF. Since a halogen is included, this VdF-HFP 
copolymer has self-extinguishing. For example, although flame will burn and move and a film will burn 
if the origin of a fire is brought close to this after processing a VdF-HFP copolymer in the shape of a 
film, if the origin of a fire is kept away from a film, combustion of a film will stop. However, 
improvement in the further safety is demanded in such a polymer electrolyte rechargeable battery. 



[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained in full detail above, according to this invention, evasion or the 
non-aqueous-solvent cell whose safety could be extinguished immediately and improved, and a polymer 
electrolyte rechargeable battery can be beforehand offered for combustion of a surcharge and the 
nonaqueous electrolyte by being exposed to elevated-temperature atmosphere. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The risk of the combustion at the time of the temperature in a 
cell becoming an unusual elevated temperature by the surcharge etc. is avoided, and the purpose of this 
invention tends to offer the non-aqueous-solvent cell and polymer electrolyte rechargeable battery 
whose safety improved. 
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MEANS 



[Means for Solving the Problem] The separator which has the function for the non-aqueous-solvent cell 
concerning this invention to insulate the aforementioned positive electrode and the aforementioned 
negative electrode with a positive electrode, a negative electrode, and nonaqueous electrolyte, and to 
hold the aforementioned electrolytic solution is provided, and at least one of the aforementioned positive 
electrode, the aforementioned negative electrode, and the aforementioned separator is characterized by 
including the flame retarder which generates an volatile noncombustible in an elevated temperature. 
[0009] The positive electrode where the polymer electrolyte rechargeable battery concerning this 
invention contains the polymer holding an active material, nonaqueous electrolyte, and this electrolytic 
solution, The negative electrode containing the polymer which holds occlusion, the active material to 
emit, nonaqueous electrolyte, and this electrolytic solution for a lithium ion, The solid-state polymer 
electrolyte layer containing the polymer which is arranged between the aforementioned positive 
electrode and the aforementioned negative electrode, and holds nonaqueous electrolyte and this 
electrolytic solution is provided. At least one of the aforementioned positive electrode, the 
aforementioned negative electrode, and the aforementioned solid-state polymer electrolyte layers is 
characterized by including the flame retarder which generates an volatile noncombustible in an elevated 
temperature. 
[0010] 

[Embodiments of the Invention] Hereafter, the polymer electrolyte rechargeable battery which is an 
example of the non-aqueous-solvent cell concerning this invention is explained with reference to 
drawing 1 . That is, a polymer electrolyte rechargeable battery is equipped with the unit cell of a 
laminated structure as shown in drawing 1 . A positive electrode has the structure which carried out the 
laminating of the positive-electrode layer 2 to the charge collector 1. A negative electrode has the 
structure which carried out the laminating of the negative-electrode layer 4 to the charge collector 3, and 
the aforementioned negative-electrode layer 4 counters the positive-electrode layer 2 of the 
aforementioned positive electrode, and it is arranged. The solid-state polymer electrolyte layer 5 
intervenes between the aforementioned positive-electrode layer 2 and the aforementioned negative- 
electrode layer 4. 

[001 1] The polymer electrolyte rechargeable battery concerning this invention can be made into the 
structure where one of electrolyte layers has been arranged among the positive electrodes A and B 
mentioned later one of positive electrodes, and among the electrolyte layers A and B later mentioned 
among one of negative electrodes among the negative electrodes A and B mentioned later. However, the 
aforementioned rechargeable battery does not become the structure where the electrolyte layer B has 
been arranged between a positive electrode B and a negative electrode B. 

[0012] Hereafter, the aforementioned solid-state polymer electrolyte layer, a positive electrode, and a 
negative electrode are explained. 

(1) As a solid-state polymer electrolyte layer aforementioned solid-state polymer electrolyte layer, the 
solid-state polymer electrolyte layer A or the solid-state polymer electrolyte layer B explained below is 
used. 
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[0013] <Solid-state polymer electrolyte layer A> This solid-state polymer electrolyte layer A contains 
the flame retarder which generates an volatile noncombustible in nonaqueous electrolyte, the polymer 
holding this nonaqueous electrolyte, and an elevated temperature. 

[0014] The aforementioned flame retarder will generate an volatile noncombustible, if the temperature 
in the aforementioned rechargeable battery rises [ that for example, the aforementioned rechargeable 
battery is exposed to overcharge and fire atmosphere, etc. and ]. When the temperature in the 
aforementioned cell reaches the ignition point of the non-aqueous solvent contained in the 
aforementioned nonaqueous electrolyte as the aforementioned flame retarder from a viewpoint which 
raises the safety of the aforementioned rechargeable battery more, and secures a practical cycle life, it is 
good in it being what generates an volatile noncombustible. 

[0015] What consists of the tetrabromobisphenol A (Tetrabromobisphenol A) which has the structure 
expression shown in the following-ization 1 as the aforementioned flame retarder, for example or the 
aforementioned tetrabromobisphenol A, and an antimony oxide (for example, Sb 203) can be used. If 
the temperature in the aforementioned cell rises at 300-400 degrees C, C-Br combination will dissociate 
the flame retarder which consists of tetrabromobisphenol A, and it reacts with the methane generated by 
combustion of nonaqueous electrolyte, and generates a hydrogen bromide (HBr). Since this hydrogen 
bromide has high volatility, it generates the hydrogen-bromide gas which is noncombustible gas. 
Moreover, since this generation-of-gas reaction is endothermic reaction, combustion energy decreases. 
Consequently, since the combustion flame of nonaqueous electrolyte can be intercepted by this 
noncombustible gas, combustion of a rechargeable battery can be stopped immediately. On the other 
hand, they are tetrabromobisphenol A and Sb 203. The flame retarder which consists of an antimony 
oxide [ like ] is SbBr3 when the temperature in the aforementioned cell rises to 400 degrees C. SbOBr is 
generated. These products are SbBr3 which is noncombustible gas since volatility is high. Gas and 
SbOBr gas can be generated and the temperature in a cell can be reduced with volatilization heat. 
Consequently, it becomes possible to make combustion of nonaqueous electrolyte extinguish 
immediately, and to prevent combustion of nonaqueous electrolyte. 
[0016] 
[Formula 1] 




[0017] As for the loadings of the aforementioned flame retarder, it is desirable to make it 5 - 20% of the 
weight of the range to the polymer holding the aforementioned nonaqueous electrolyte. This is based on 
the following reasons. When the aforementioned loadings are carried out to less than 5% of the weight, 
there is a possibility that it may become difficult to fully demonstrate a fire-resistant operation. On the 
other hand, when the aforementioned loadings exceed 20 % of the weight, there is a possibility that the 
mechanical strength of a solid-state polymer electrolyte layer may fall extremely, and may have a bad 
influence on configuration maintenance of a cell. More desirable loadings are 8 - 15% of the weight of a 
range. 

[0018] As polymer holding the aforementioned nonaqueous electrolyte, the copolymer of the polymer 
and vinylidene fluoride (VdF) containing a polyethylene-oxide derivative, a polypropylene oxide 
derivative, and the aforementioned derivative, and hexafluoropropylene (HFP) etc. can be used, for 
example. In the aforementioned VdF-HFP copolymer, the copolymerization rate of Above HFP is 
usually just over or below 20 % of the weight at the maximum, although it is dependent also on the 
synthetic method of the aforementioned copolymer. 

[0019] The aforementioned nonaqueous electrolyte is prepared by dissolving an electrolyte in a non- 
aqueous solvent. As the aforementioned non-aqueous solvent, ethylene carbonate (EC), propylene 
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carbonate (PC), butylene carbonate (BC), dimethyl carbonate (DMC), diethyl carbonate (DEC), ethyl 
methyl carbonate (EMC), gamma-butyrolactone (gamma-BL), a sulfolane, an acetonitrile, 1, 2- 
dimethoxy ethane, 1, 3-dimethoxypropane, a wood ether, a tetrahydrofuran (THF), 2 -methyl 
tetrahydrofuran, etc. can be mentioned. Even if it uses it independently, two or more sorts may use the 
aforementioned non-aqueous solvent, mixing. 

[0020] As the aforementioned electrolyte, the lithium salt of a lithium perchlorate (LiC104), a 6 fluoride 
[ phosphoric-acid ] lithium (LiPF6), hoe 4 lithium fluoride (LiBF4), a 6 fluoride arsenic lithium 
(LiAsF6), a trifluoromethane sulfonic-acid lithium (LiCF3 S03), a screw trifluoromethylsulfonyl imide 
lithium (LiN (CF3 S03)2J, etc. can be mentioned, for example. 

[0021] As for the amount of dissolutions to the aforementioned non-aqueous solvent of the 
aforementioned electrolyte, it is desirable to consider as 0.2 mol/1 - 2 mol/1. The aforementioned solid 
electrolyte layer is producible by the method of (1) explained below. 

[0022] (1) Prepare the solution of the polymer holding nonaqueous electrolyte, add the aforementioned 
flame retarder in this solution, form this and dry. Then, nonaqueous electrolyte is infiltrated into this 
layer and a polymer electrolyte layer is produced. 

[0023] <Solid-state polymer electrolyte layer B> This solid-state polymer electrolyte layer B contains 
the polymer holding nonaqueous electrolyte and this nonaqueous electrolyte. 
[0024] The polymer electrolyte layer A mentioned above having explained as the aforementioned 
nonaqueous electrolyte and polymer and the same thing can be used. After the aforementioned solid 
electrolyte layer B prepares the solution of the polymer holding nonaqueous electrolyte, forms this and 
dries, it is producible by infiltrating nonaqueous electrolyte into this layer. 

[0025] (2) As the positive-electrode aforementioned positive electrode, the positive electrode A or 
positive electrode B explained below can be used. 

The <positive-electrode A> aforementioned positive electrode A has the structure where the positive- 
electrode layer containing the polymer holding an active material, the flame retarder which generates an 
volatile noncombustible in an elevated temperature, nonaqueous electrolyte, and this electrolytic 
solution was supported by the charge collector. 

[0026] The polymer electrolyte layer mentioned above having explained as the aforementioned flame 
retarder and the same thing can be used. As for the loadings of the aforementioned flame retarder, it is 
desirable to make it 5 - 20% of the weight of the range to the polymer holding the aforementioned 
nonaqueous electrolyte. This is based on the following reasons. When the aforementioned loadings are 
carried out to less than 5% of the weight, there is a possibility that it may become difficult to fully 
demonstrate a fire-resistant operation. On the other hand, when the aforementioned loadings exceed 20 
% of the weight, there is a possibility that the mechanical strength of a positive-electrode layer may fall 
extremely, and may have a bad influence on configuration maintenance of a cell. More desirable 
loadings are 8 - 15% of the weight of a range. 

[0027] As the aforementioned active material, various oxides (for example, amorphous vanadium 
pentoxide containing the lithium content cobalt oxide of the lithium content nickel oxide 2 of the lithium 
manganese multiple oxide of LiMn 204 etc. and manganese dioxide 2, for example, LiNiO etc., for 
example, LiCoO etc., a lithium content nickel cobalt oxide, and a lithium etc.), chalcogen compounds, 
etc. (for example, 2 titanium sulfides, 2 sulfuration molybdenum, etc.) can be mentioned. Especially, it 
is desirable to use a lithium manganese multiple oxide, a lithium content cobalt oxide, and a lithium 
content nickel oxide. 

[0028] The polymer electrolyte layer mentioned above as polymer holding the aforementioned 
nonaqueous electrolyte having explained and the same thing can be mentioned. You may add conductive 
material, such as an artificial graphite, carbon black (for example, acetylene black etc.), and nickel 
powder, in the aforementioned positive-electrode layer of the aforementioned positive electrode. 
[0029] As the aforementioned charge collector, an aluminum foil, an aluminum mesh, the expanded 
metal made from aluminum, the punched metal made from aluminum, etc. can be mentioned. 
[0030] The aforementioned positive electrode is producible by the method of for example, (1) - (2) 
explained below. 
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(1) Mix these and produce a positive-electrode layer by forming membranes, after preparing the solution 
of the polymer holding nonaqueous electrolyte and adding the aforementioned flame retarder, the 
aforementioned active material, and the aforementioned electrical conducting material in this solution. 
This positive-electrode layer and the aforementioned charge collector are pasted up by 
thermocompression bonding etc. A positive electrode is produced by infiltrating nonaqueous electrolyte 
into the aforementioned positive-electrode layer. 

[003 1] (2) Mix these and prepare the paste for positive electrodes, after preparing the solution of the 
polymer holding nonaqueous electrolyte and adding the aforementioned flame retarder, the 
aforementioned active material, and the aforementioned electrical conducting material in the 
aforementioned solution. It is made to dry after carrying out coating of this paste for positive electrodes 
to the aforementioned charge collector. Nonaqueous electrolyte is infiltrated into the aforementioned 
positive-electrode layer, and a positive electrode is produced. 

[0032] The <positive-electrode B> aforementioned positive electrode B has the structure where the 
positive-electrode layer containing the polymer holding an active material, nonaqueous electrolyte, and 
this electrolytic solution was supported by the charge collector. 

[0033] The positive electrode A mentioned above having explained as the aforementioned active 
material, nonaqueous electrolyte, polymer, and a charge collector and the same thing are used. The 
aforementioned positive electrode is producible by the method of for example, (1) - (2) explained below. 

[0034] (1) Mix these and produce a positive-electrode layer by forming membranes, after preparing the 
solution of the polymer holding nonaqueous electrolyte and adding the aforementioned active material 
and the aforementioned electrical conducting material in this solution. This positive-electrode layer and 
the aforementioned charge collector are pasted up by thermocompression bonding etc. A positive 
electrode is produced by infiltrating nonaqueous electrolyte into the aforementioned positive-electrode 
layer. 

[0035] (2) Mix these and prepare the paste for positive electrodes, after preparing the solution of the 
polymer holding nonaqueous electrolyte and adding the aforementioned active material and the 
aforementioned electrical conducting material in the aforementioned solution. It is made to dry after 
carrying out coating of this paste for positive electrodes to the aforementioned charge collector. 
Nonaqueous electrolyte is infiltrated into the aforementioned positive-electrode layer, and a positive 
electrode is produced. 

[0036] (3) As the negative-electrode aforementioned negative electrode, the negative electrode A or 
negative electrode B explained below can be used. 

[0037] <Negative electrode A> This. negative electrode A has the structure where the negative-electrode 
layer containing the polymer holding the flame retarder which generates an volatile noncombustible for 
a lithium ion in occlusion, the active material to emit, and an elevated temperature, nonaqueous 
electrolyte, and this electrolytic solution was supported by the charge collector. 
[0038] The polymer electrolyte layer mentioned above having explained as the aforementioned flame 
retarder and the same thing can be used. As for the loadings of the aforementioned flame retarder, it is 
desirable to make it 5 - 20% of the weight of the range to the polymer holding the aforementioned 
nonaqueous electrolyte. This is based on the following reasons. When the aforementioned loadings are 
carried out to less than 5% of the weight, there is a possibility that it may become difficult to fully 
demonstrate a fire-resistant operation. On the other hand, when the aforementioned loadings exceed 20 
% of the weight, there is a possibility that the mechanical strength of a negative-electrode layer may fall 
extremely, and may have a bad influence on configuration maintenance of a cell. More desirable 
loadings are 8 - 15% of the weight of a range. 

[0039] As the aforementioned active material, occlusion and the carbonaceous material to emit can be 
mentioned for a lithium ion. The carbonaceous material represented by the thing and corks which are 
obtained as this carbonaceous material by calcinating organic high molecular compounds (for example 
phenol resin, a polyacrylonitrile, a cellulose, etc.), for example, what [ is obtained by calcinating a 
pitch ], artificial graphite, and natural graphite, etc. can be mentioned. It is desirable to use the 
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carbonaceous material which calcinates the aforementioned organic high molecular compound under an 
ordinary pressure or reduced pressure, and is obtained at the temperature of 500 degrees C - 3000 
degrees C in inert gas atmosphere, such as argon gas and nitrogen gas, especially. 
[0040] The polymer electrolyte layer mentioned above as polymer holding the aforementioned 
nonaqueous electrolyte having explained and the same thing can be used. You may add fillers, such as 
conductive material, such as artificial graphite and natural graphite, carbon black, acetylene black, 
KETCHIEN black, nickel powder, and a polyphenylene derivative, olefin system polymer, and a carbon 
fiber, in the aforementioned negative-electrode layer of the aforementioned negative electrode. 
[0041] As the aforementioned charge collector, copper foil, a copper mesh, a copper expanded metal, 
copper punched metal, etc. can be mentioned. The aforementioned negative electrode A is producible by 
the method of for example, (1) - (2) explained below. 

[0042] (1) Paste up the aforementioned negative-electrode layer and the aforementioned charge collector 
by thermocompression bonding etc. after producing a negative-electrode layer by mixing these and 
forming membranes, after preparing the solution of the polymer holding nonaqueous electrolyte and 
adding the aforementioned flame retarder and the aforementioned active material in this solution. A 
negative electrode is produced by infiltrating nonaqueous electrolyte into the aforementioned negative- 
electrode layer. 

[0043] (2) Mix these and prepare the paste for negative electrodes, after preparing the solution of the 
polymer holding nonaqueous electrolyte and adding the aforementioned flame retarder and the 
aforementioned active material in this solution. It is made to dry after carrying out coating of this paste 
for negative electrodes to the aforementioned charge collector. A negative electrode is produced by 
infiltrating nonaqueous electrolyte into the aforementioned negative-electrode layer. 
[0044] <Negative electrode B> This negative electrode B has the structure where the negative-electrode 
layer containing the polymer which holds occlusion, the active material to emit, nonaqueous electrolyte, 
and this electrolytic solution for a lithium ion was supported by the charge collector. 
[0045] The negative electrode A mentioned above having explained as the aforementioned active 
material, the aforementioned electrolytic solution, the aforementioned polymer, and the aforementioned 
charge collector and the same thing can be mentioned. The aforementioned negative electrode B is 
producible by the method of for example, (1) - (2) explained below. 

[0046] (1) Paste up the aforementioned negative-electrode layer and the aforementioned charge collector 
by thermocompression bonding etc. after producing a negative-electrode layer by mixing these and 
forming membranes, after preparing the solution of the polymer holding nonaqueous electrolyte and 
adding the aforementioned active material in this solution. A negative electrode is produced by 
infiltrating nonaqueous electrolyte into the aforementioned negative-electrode layer. 
[0047] (2) Mix these and prepare the paste for negative electrodes, after preparing the solution of the 
polymer holding nonaqueous electrolyte and adding the aforementioned active material in this solution. 
It is made to dry after carrying out coating of this paste for negative electrodes to the aforementioned 
charge collector. A negative electrode is produced by infiltrating nonaqueous electrolyte into the 
aforementioned negative-electrode layer. 

[0048] In addition, you may perform sinking [ of the electrolytic solution to electrolytic-solution a non- 
sunk in positive electrode, a non-sunk in electrolytic-solution electrolyte layer, and electrolytic-solution 
a non-sunk in negative electrode ] in collectively for the laminated structure shown in drawing 1 
mentioned above. 

[0049] The polymer electrolyte rechargeable battery concerning this invention explained above contains 
the flame retarder to which any one member generates an volatile noncombustible in an elevated 
temperature among a positive electrode, a negative electrode, and a solid-state polymer electrolyte layer. 
If the temperature in a cell rises by exposing such a rechargeable battery to a surcharge and elevated- 
temperature atmosphere, the aforementioned flame retarder will generate an volatile noncombustible. 
This noncombustible volatilizes and generates noncombustible gas. Since this generation-of-gas reaction 
is endothermic reaction, it can reduce the temperature in a cell. Consequently, since it can be 
immediately extinguished by reduction of the combustion energy accompanying [ though it could 
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prevent that nonaqueous electrolyte ignited and nonaqueous electrolyte has already burned it ] the 
aforementioned noncombustible gas and its generating, the safety of a polymer electrolyte rechargeable 
battery can be improved more. 

[0050] According to the non-aqueous-solvent cell concerning this invention, the separator which has the 
function to insulate the aforementioned positive electrode and the aforementioned negative electrode 
with a positive electrode, a negative electrode, and nonaqueous electrolyte, and to hold the 
aforementioned electrolytic solution is provided, and at least one of the aforementioned positive 
electrode, the aforementioned negative electrode, and the aforementioned separator contains the flame 
retarder which generates an volatile noncombustible in an elevated temperature. Since the 
aforementioned flame retarder generates an volatile noncombustible and this noncombustible generates 
noncombustible gas when exposed to a surcharge and elevated-temperature atmosphere, such a cell can 
reduce the temperature in a cell. Consequently, since it can be immediately extinguished by reduction of 
the combustion energy accompanying [ though it could prevent that nonaqueous electrolyte ignited and 
nonaqueous electrolyte has already burned it ] the aforementioned noncombustible gas and its 
generating, the safety of a non-aqueous-solvent cell can be improved more. 
[0051] Moreover, in the aforementioned polymer electrolyte rechargeable battery and the 
aforementioned non-aqueous-solvent cell, by using tetrabromobisphenol A as the aforementioned flame 
retarder, when exposed to a surcharge or elevated-temperature atmosphere, the aforementioned 
tetrabromobisphenol A pyrolyzes, and it reacts with the methane generated by combustion of 
nonaqueous electrolyte, and HBr with high volatility generates. Since combustion energy is consumed 
by this generation of gas while this HBr volatilizes and generating noncombustible gas, the temperature 
in a cell falls. Consequently, combustion of nonaqueous electrolyte can be stopped immediately. 
Moreover, since the polymer electrolyte rechargeable battery containing this flame retarder does not 
check the occlusion and release reaction of a lithium ion, it can secure practical service capacity and a 
practical cycle life. 

[0052] Moreover, by using what consists of tetrabromobisphenol A and an antimony oxide as the 
aforementioned flame retarder in the aforementioned polymer electrolyte rechargeable battery and the 
aforementioned non-aqueous-solvent cell, when exposed to a surcharge or elevated-temperature 
atmosphere, both react, and it is SbBr3 with high volatility. SbOBr is generated. When these products 
volatilize, the heat in a cell is taken and cell temperature can be reduced. Moreover, noncombustible gas 
can be generated by volatilization of the aforementioned product. Consequently, ignition of nonaqueous 
electrolyte can be prevented beforehand, and though nonaqueous electrolyte has already burned, it can 
be immediately extinguished by generating of the aforementioned noncombustible gas. Moreover, since 
the polymer electrolyte rechargeable battery containing this flame retarder does not check the occlusion 
and release reaction of a lithium ion, it can secure practical service capacity and a practical cycle life. 



[Translation done.] 
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EXAMPLE 



[Example] Hereafter, with reference to the drawing which mentioned the example of this invention 
above, it explains in detail. 

An empirical formula is LiMn 204 by mixing a <example 1> (production of non-sunk in nonaqueous 
electrolyte positive-electrode layer) lithium carbonate (Li2 C03), and manganese dioxide (Mn02) so 
that the mole ratio of Li and Mn may be set to 1 :2, and calcinating this mixture at 800 degrees C for 24 
hours. The lithium manganese multiple oxide expressed was produced. 

[0054] It added so that the acetylene black as a conductive material might become [ the aforementioned 
lithium manganese multiple oxide ] this acetone solution 72% of the weight after dissolving the 
copolymer (copolymerization ratio of VdFiHFP is 80:20%) powder of vinylidene fluoride- 
hexafluoropropylene (VdF-HFP) in an acetone 11% of the weight and preparing an acetone solution, 
and the solid content of the aforementioned copolymer might become 20% of the weight about 8 % of 
the weight, and it mixed. Furthermore, Sb 203 Powder and tetrabromobisphenol A powder were added 
so that it might become 10% of the weight to the aforementioned copolymer, respectively, and it mixed. 
The obtained suspension was formed by casting and thickness produced the sheet-like positive-electrode 
layer which is 100 micrometers by electrolytic-solution un-sinking in by leaving and carrying out an air 
drying in ordinary temperature. 

[0055] (Production of a non-sunk in nonaqueous electrolyte negative-electrode layer) After dissolving 
the copolymer (copolymerization ratio of VdFrHFP is 80:20%) powder of vinylidene fluoride- 
hexafluoropropylene (VdF-HFP) in the acetone 1 1% of the weight and preparing an acetone solution, it 
added so that the solid content of the aforementioned copolymer might become 20% of the weight in' 
this acetone solution as an active material in 80 % of the weight (it is a product made from PETOKA, 
Inc., and a tradename is mel BUROMMIRUDO) of petroleum coke, and mixed. Furthermore, Sb 203 
Powder and tetrabromobisphenol A powder were added so that it might become 1 0% of the weight to 
the aforementioned copolymer, respectively, and it mixed. The obtained suspension was formed by 
casting and thickness produced the sheet-like negative-electrode layer which is 100 micrometers by 
electrolytic-solution un-sinking in by leaving and canying out an air drying in ordinary temperature. 
[0056] (Production of a non-sunk in electrolytic-solution polymer electrolyte film) The copolymer 
(copolymerization ratio of VdF:HFP is 80:20%) powder of vinylidene fluoride-hexafluoropropylene 
(V dF-HFP) was dissolved in the acetone 1 1% of the weight, and the acetone solution was prepared. 
Furthermore, Sb 203 Powder and tetrabromobisphenol A powder were added so that it might become \ 
10% of the weight to the aforementioned copolymer, respectively, and it mixed. Thickness produced the 
polymer electrolyte layer which is 30 micrometers by forming this solution by casting and drying in 
ordinary temperature. 

[0057] (Manufacture of nonaqueous electrolyte) It is LiPF6 as an electrolyte to the non-aqueous solvent 
with which ethylene carbonate (EC) and dimethyl carbonate (DMC) were mixed at a rate of 2:1 by the 
volume ratio. It was made to dissolve so that the concentration may become 1 mol/1, and nonaqueous 
electrolyte was prepared. 

[0058] The laminating of the obtained sheet-like positive-electrode layer was carried out to the 
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aluminum foil as a positive-electrode charge collector with the double roll laminator, and the non-sunk 
in electrolytic-solution sheet-like positive electrode was produced. Moreover, the laminating of the 
obtained sheet-like negative-electrode layer was carried out to the copper foil as a negative-electrode 
charge collector with the double roll laminator, and the non-sunk in electrolytic-solution sheet-like 
negative electrode was produced. The non-sunk in electrolytic-solution polymer electrolyte layer was 
made to intervene between this positive electrode and a negative electrode, and it pasted up with the 
double roll laminator. The polymer electrolyte rechargeable battery which carried out the laminating as 
shown in drawing 1 which mentioned above the obtained five-layer laminated material by being 
immersed for 10 minutes into the aforementioned nonaqueous electrolyte was manufactured. 
It is Sb 203 at the time of production of the <example 1 of comparison> positive-electrode layer, a 
negative-electrode layer, and an electrolyte layer. The polymer electrolyte rechargeable battery was 
manufactured like the example 1 except not adding powder and tetrabromobisphenol A powder. 
[0059] About the rechargeable battery of the acquired example 1 and the example 1 of comparison, after 
charging to 4.2V over 10 hours with 40mA current, it carries out by repeating the charge and discharge 
which discharge to 2.7V with 40mA current, the service capacity of 1 cycle eye and 50 cycle eye is 
measured, and the result is shown in the following table 1 . 

[0060] Moreover, after preparing every 50 per each cell and charging these to 4.2V over 10 hours about 
the rechargeable battery of an example 1 and the example 1 of comparison with 40mA current, the 
ignition examination was performed and the grade of the spread of a fire was checked. The result is 
shown in the following table 2. 
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[0063] It is Sb 203 which it has the almost same service capacity and the capacity maintenance factor at 
the time of a cycle even if it compares the rechargeable battery of this example 1 with the rechargeable 
battery of the example 1 of comparison so that clearly from Table 1, and is a flame retarder. It turns out 
that an electric discharge property is not spoiled by tetrabromobisphenol A. 

[0064] On the other hand, the rechargeable battery of this example 1 can stop combustion immediately 
in the case of ignition, and it turns out that it is fire retardancy compared with the rechargeable battery of 
the example 1 of comparison so that clearly from Table 2. 

The polymer electrolyte rechargeable battery was manufactured like the example 1 except using the non- 
sunk in electrolytic-solution positive-electrode layer explained below to <the example 2>, a non-sunk in 
electrolytic-solution negative-electrode layer, and a non-sunk in electrolytic-solution polymer electrolyte 
layer. 

[0065] (Production of a non-sunk in nonaqueous electrolyte positive-electrode layer) After dissolving 
the copolymer powder of the same VdF-HFP as an example 1 in the acetone 1 1% of the weight and 
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preparing an acetone solution, 72% of the weight, the solid content of the aforementioned copolymer 
added 8 % of the weight so that it might become 20% of the weight, and the acetylene black as a 
conductive material was mixed by the lithium manganese multiple oxide same in this acetone solution as 
an example 1 . Furthermore, tetrabromobisphenol A powder was added so that it might become 10% of 
the weight to the aforementioned copolymer, and it mixed. The sheet-like positive-electrode layer whose 
thickness is 100 micrometers was produced by electrolytic-solution un-sinking in as well as an example 
1 from the obtained suspension. 

[0066] (Production of a non-sunk in nonaqueous electrolyte negative-electrode layer) After dissolving 
the copolymer powder of the same VdF-HFP as an example 1 in the acetone 11% of the weight and 
preparing an acetone solution, 80 % of the weight of the petroleum coke same in this acetone solution as 
an example 1 was added so that the solid content of the aforementioned copolymer might become 20% 
of the weight, and it mixed. Furthermore, tetrabromobisphenol A powder was added so that it might 
become 10% of the weight to the aforementioned copolymer, and it mixed. The sheet-like negative- 
electrode layer whose thickness is 100 micrometers was produced by electrolytic-solution un-sinking in 
as well as an example 1 from the obtained suspension. 

[0067] (Production of a non-sunk in electrolytic-solution polymer electrolyte film) The copolymer 
powder of the same VdF-HFP as an example 1 was dissolved in the acetone 1 1% of the weight, and the 
acetone solution was prepared. Furthermore, tetrabromobisphenol A powder was added so that it might 
become 10% of the weight to the aforementioned copolymer, and it mixed. The polymer electrolyte 
layer whose thickness is 30 micrometers was produced by electrolytic-solution un-sinking in as well as 
an example 1 from this solution. 

The polymer electrolyte rechargeable battery was manufactured like the example 2 except not adding 
tetrabromobisphenol A powder at the time of production of the <example 2 of comparison> positive- 
electrode layer, a negative-electrode layer, and an electrolyte layer. 

[0068] About the rechargeable battery of the acquired example 2 and the example 2 of comparison, the 
service capacity of 1 cycle eye at the time of performing charge and discharge on the conditions same 
with having mentioned above and 50 cycle eye is measured, and the result is shown in the following 
table 3. 

[0069] Moreover, after preparing every 50 per each cell and charging these to 4.2V over 10 hours about 
the rechargeable battery of an example 2 and the example 2 of comparison with 40mA current, the 
ignition examination was performed and the grade of the spread of a fire was checked. The result is 
shown in the following table 4. 
[0070] 
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[0072] It turns out that the rechargeable battery of this example 2 equipped with the positive electrode, 
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negative electrode, and electrolyte layer which contain tetrabromobisphenol A as a flame retarder has 
service capacity almost equivalent to the rechargeable battery of the example 2 of comparison, and the 
capacity maintenance factor at the time of a cycle, and a practical electric discharge property can be 
maintained so that clearly from Table 3. 

[0073] On the other hand, the rechargeable battery of this example 2 can stop combustion immediately 
in the case of ignition, and it turns out that it is fire retardancy compared with the rechargeable battery of 
the example 2 of comparison so that clearly from Table 2. 

[0074] In addition, in the example mentioned above, although the example applied to the polymer 
electrolyte rechargeable battery was explained, if it is a lithium primary cell and a cell using a non- 
aqueous solvent like a lithium secondary battery as the electrolytic solution, it is applicable to any cells. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective diagram showing the laminated structure of the polymer electrolyte 
rechargeable battery which is an example of the non-aqueous-solvent cell concerning this invention. 
[Description of Notations] 

1 3 [ — A negative-electrode layer, 5 / — Polymer electrolyte layer. ] — A charge collector, 2 - A 
positive-electrode layer, 4 
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